Context. Massive stars are important for the chemical enrichment of the universe. Since internal mixing processes influence their lives, it is very important to place constraints on the corresponding physical parameters, such as core overshooting and the internal rotation profile, so as to calibrate their stellar structure and evolution models. Although asteroseismology has been shown to be able to deliver the most precise constraints so far, the number of detailed seismic studies delivering quantitative results is limited. Aims. Our goal is to extend this limited sample with an in-depth case study and provide a well-constrained set of asteroseismic parameters, contributing to the ongoing mapping efforts of the instability strips of the β Cep and slowly pulsating B (SPB) stars. Methods. We derived fundamental parameters from high-resolution spectra using spectral synthesis techniques. We used custom masks to obtain optimal light curves from the original pixel level data from the Kepler satellite. We used standard time-series analysis tools to construct a set of significant pulsation modes that provide the basis for the seismic analysis carried out afterwards. Results. We find that KIC 10526294 is a cool SPB star, one of the slowest rotators ever found. Despite this, the length of Kepler observations is sufficient to resolve narrow rotationally split multiplets for each of its nineteen quasi-equally spaced dipole modes. The number of detected consecutive (in radial order) dipole modes in this series is higher than ever before. The observed amount of splitting shows an increasing trend towards longer periods, which -largely independent of the seismically calibrated stellar modelspoints towards a non-rigid internal rotation profile. From the average splitting we deduce a rotation period of ∼ 188 days. From seismic modelling, we find that the star is young with a central hydrogen mass fraction X c > 0.64; it has a core overshooting α ov ≤ 0.15.
Introduction
The Kepler satellite is the latest iteration in the line of the recent space missions after MOST (Microvariablity and Oscillations of STars, Walker et al. 2003) and CoRoT (Convection Rotation and planetary Transits, Auvergne et al. 2009 ), providing a virtually uninterrupted photometric monitoring of more than 150 000 stars with micromagnitude-precision in a 105-squaredegree field of view (FOV) fixed between the constellations of Cygnus and Lyra. Although the primary goal of the mission is to detect Earth-like exoplanets (Borucki et al. 2010) , the assembled data set has a huge potential for asteroseismology, the study of stellar interiors through the detection and interpretation of pulsation modes (Gilliland et al. 2010) .
Massive stars play a dominant role in the chemical evolution of the Universe. Since their structure on the main sequence is dominated by a convective core and a radiative envelope, these stars harbour internal mixing processes, which have a significant influence on their lifetime by enhancing the size of the convective region where mixing of chemical elements occurs. Efficient mixing might be induced by the presence of convective core overshooting, for instance, but also by a non-rigid internal rotation profile (see, e.g., Kippenhahn et al. 2013) . Despite their importance, the physical parameters describing these processes are hardly known, and better observational constraints are necessary to achieve a precision that enables us to calibrate the stellar structure and evolution models of massive stars.
B-type stars on the main sequence are not amongst the most massive stars, but they all share this structure. Since many of them show non-radial oscillations (such as the β Cep pulsators, the slowly pulsating B -or SPB -stars, and some Be stars, see, e.g., Aerts et al. 2010) , they are the perfect targets for seismic studies, which have already been shown to carry the potential of delivering constraints on the amount of core overshooting (Aerts et al. 2003 ) and on the internal rotation profile (see, e.g., Aerts et al. 2004; Dupret et al. 2004) . Despite a few further modelling efforts (based on extensive ground based multi-site campaigns involving multi-colour photometry and high-resolution, high S/N spectroscopy), the number of stars for which core overshooting and the internal rotation profile was constrained in pracArticle number, page 1 of 22
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Observations from space -especially the analysis of CoRoT data -has revealed a much wider diversity in the photometric variability of main sequence B-type stars than expected (for an overview, see, e.g., . The diversity in the behaviour of B-type stars on the main sequence must imply that the details in the internal physics of these various stars must be different. In the context of this paper, it is important to recall the detection of series of g modes (consecutive in radial order, having the same value) with nearly equidistant spacings in period space for the hybrid SPB/β Cep pulsators HD 50230 (Degroote et al. 2010 (Degroote et al. , 2012 and HD 43317 . These series, and the deviations from the uniform spacing, carry information about the extent of the fully mixed convective core, and the extra mixing processes operating in the radiative region just above the core (see, e.g., Miglio et al. 2008 ), thus they are viable tools for deducing the size of the core, the overshooting parameter, and the near-core mixing processes.
KIC 10526294 is one of the eight main sequence B-type stars included in our Kepler guest observer (GO) proposals (Cycle 3-4). We have already presented the in-depth analysis of the two double-lined binaries of the sample ) -the first detailed analysis of pulsating main sequence B-type stars based on several years of Kepler photometry and high resolution spectroscopy -while in this paper, we discuss the single B star, which seems to be the most promising case for asteroseismology.
Fundamental parameters
KIC 10526294 is a single star in the constellation of Lyra. Given its low apparent brightness (Kepler magnitude of 13.033), no studies have been made about it so far, and there is also no parallax measurement available. The known astrometric and photometric parameters are listed in Table 1 . It was identified as an SPB candidate independently by Debosscher et al. (2011) and McNamara et al. (2012) directly from Kepler light curves (using an automated supervised classification of public Q1 data, and 2MASS colours to distinguish between the SPB and γ Dor groups that have similar asteroseismic properties) or with data mining techniques involving a combination of existing catalogues (multicolour photometry, proper motions, etc.), respectively. This classification was not confirmed by spectroscopy until our investigation (see Sect. 2). The star was not included in the B-type sample assembled by Balona et al. (2011) .
To confirm that the stars identified as SPB pulsators and included in our Kepler GO sample are indeed main sequence Btype stars, we have taken spectra of all targets. KIC 10526294 was observed using the the ISIS spectrograph mounted on the 4.2-metre William Herschel Telescope on La Palma (Spain). The resolving power of the blue (4169 − 4571 Å) and red (6037 − 6830 Å) arms of the instrument in the chosen observing mode was R ≈ 22 000 and 13 750, respectively. Two consecutive exposures were taken on 11 June 2012 using integration times of 400 s and 1200 s. The raw frames were reduced using standard STARLINK routines following the optimal extraction described by Marsh (1989) . We only considered the second exposurehaving a significantly higher signal-to-noise ratio (S/N ≈ 42 and 61 for the blue and red arm, measured in the line free regions of 4200 − 4230 Å and 6160 − 6225 Å, respectively) -for our analysis.
The reduced spectrum was rectified using an interactive graphical user interface (GUI). This was done with cubic splines that were fitted through a few tens of points at fixed wavelengths, where the continuum was known to be free of spectral lines. The GUI helps in this process by displaying a synthetic spectrum (built with a predefined set of fundamental parameters, which are possible to adjust on-the-fly) in the background, providing a quick feedback about the position of line-free regions and about the goodness of the rectification. We used the GSSP package (Lehmann et al. 2011; Tkachenko et al. 2012) to derive the fundamental parameters from the normalised spectrum. This program compares observed and synthetic spectra computed in a grid of T eff , log g, ξ t , [M/H], and v sin i, and provides the optimum values of these parameters for the fit where a minimum in χ 2 is reached. In the next step, individual abundances of different chemical species can be adjusted assuming a stellar atmosphere model with a given overall metallicity, but given the relatively low S/N and wavelength coverage, we did not derive these values. The error bars are represented by 1-σ confidence levels that were computed from χ 2 statistics. The chosen grid of atmosphere models was computed using the most recent version of the LLmodels code (Shulyak et al. 2004) . For the calculation of synthetic spectra, we used the LTE-based code SynthV (Tsymbal 1996) , which allows the spectra to be computed based on individual elemental abundances if necessary. Table 2 lists the atmospheric parameters for KIC 10526294. The spectral type and the luminosity class have been derived by interpolating in the tables published by Schmidt-Kaler (1982) . Figure 1 shows observed spectrum and the synthetic fit, and Fig. 2 shows the position of KIC 10526294 in the Kiel-diagram, situated well within the theoretical SPB instability strip (Pamyatnykh 1999).
The Kepler light curve

Description of the data
Owing to the mission design (Earth-trailing heliocentric orbit, fixed field of view, data downlink, and rolling the spacecraft by 90 degrees every quarter year to reposition the solar arrays and Fig. 1 . Comparison of rectified observed, and synthetic spectra for two selected wavelength regions of KIC 10526294. In each panel, the observed ISIS spectrum is plotted with a blue solid line, and the synthetic spectrum is plotted with a red solid line. (a) Spectral type have been determined based on T eff and log g values by using an interpolation in the tables given by Schmidt-Kaler (1982) . the heat radiators) data from the Kepler satellite is delivered in quarters, with Q0 being the commissioning run, Q1 the first (although not full-length) science quarter, etc. Each quarterly roll and downlink period results in a small gap in the data, and with each repositioning, targets move from one module to the next on the CCD array. This means that to construct a full, continuous light curve one needs to correct for the slight differences between the characteristics (e.g., sensitivity) of the modules in question. Furthermore, long-term trends might arise from slight shifts in the point spread functions' (PSF) position over the frame when the standard pixel mask is too small. Although this is a step from optimal S/N to optimal signal (since we include pixels with less signal, thus a lower S/N level), extending the coverage of these masks (making sure no nearby stars are included) provides bet- Fig. 2 . Kiel diagram (log T eff versus log g) of a sample of B-type stars near the main sequence -for which an in-depth analysis was carried out -observed by CoRoT (labelled in dark blue) and by Kepler (labelled in dark red), showing the position of KIC 10526294 (plotted with a white marker). The dot-dashed line represents the zero-age main sequence (ZAMS), while the dashed line represents the terminal-age main sequence (TAMS). The thin grey lines denote evolutionary tracks for selected masses, and the β Cep (light grey) and SPB (dark grey) instability strips (Dziembowski 1977) are also plotted. These were all calculated for Z = 0.015, X = 0.7, using OP opacities (Seaton 2005) and A04 heavy element mixture (Asplund et al. 2005) . Other details are the same as in Pamyatnykh (1999) . Different error bars reflect differences in data and methodology.
ter long-term stability for the quarterly light curves (for further explanation and examples, see . Fig. 3 . Pixel mask for the Q5 data of KIC 10526294. The light curve is plotted for every individual pixel that was downloaded from the spacecraft. The value in every pixel, as well as the background colour, indicates the S/N of the flux in the pixel. The pixels with green borders were used to extract the standard Kepler light curves. We have added the yellow pixels (significant signal is present) in our custom mask for the light curve extraction. This results in a light curve with significantly less instrumental effects than the standard extraction.
For the analysis in the forthcoming sections, we used long cadence (LC) data -270 cycles of 6.02 s integration time and 0.52 s readout time are co-added on board to produce data with a cadence of 29.43 m -from Q1 to Q17 (13 May 2009 to 11 May 2013 . This is the full Kepler dataset of this target. (KIC 10526294 was not observed during the commissioning Q0.) Light curves were constructed from target pixel files using custom masks (see example on Fig. 3 ). Since target pixel files for Q0-Q14 were not corrected in the MAST Archive for the incorrect reporting (see Kepler Data Release 19-20 Notes) of barycentric Julian dates (BJD) in terrestrial dynamic time (TDB), we have carefully corrected the timestamps following the Release Notes -which we discuss here to provide all necessary information for similar corrections in the future. This was done by adding 66.184 s to the reported barycentric times for all data points with a cadence interval number (CIN) less than or equal to 57139 in LC (which corresponds to -in the case of our target -a reported BKJD 1 = BJD − 2454833 = 1276.48872872), taken during the first month of Q14 at the time of the most recent leap second (UTC 2012-06-30 23:59:60) , and by adding 67.184 s after this cadence. Since data from Q15 onwards had already been reported in the correct BJD_TDB format, there was no correction necessary beyond Q14. Then quarters were manually cleaned from clear outliers and detrended using a division with a second-order polynomial fit, before finally the counts were converted to ppm, and the quarters were merged into one continuous light curve.
The cleaned and detrended Kepler light curve (see Fig. A.1 
Frequency analysis
To extract the frequencies of pulsation modes (and any other possible light variation), we performed a standard iterative prewhitening procedure, whose description is already given by, e.g., Degroote et al. (2009) and thus not discussed in detail here. This resulted in a list of amplitudes (A j ), frequencies ( f j ), and phases (θ j ). Using these parameters, the light curve can be modelled via n f frequencies in the well-known form of
The prewhitening procedure was stopped when a p value of p = 0.001 was reached in hypothesis testing of the significance of the frequecy.
To provide a physically meaningful -and practically manageable -subset of frequencies, we limited ourselves to those peaks, which had a S/N of at least 4 in a 1 d −1 window before being removed in the corresponding prewhitening stage. Defining proper significance criteria for high-quality space-based photometry is far from trivial (see, e.g., Pápics et al. 2012 ), and we cannot exclude the possibility that we have left a few lowamplitude modes out that are intrinsic to the star by adopting this classical approach (Breger et al. 1993 ), but less conservative criteria result in such extensive frequency sets, which -beyond being unlikely to be 100% intrinsic to the star -come with a saturation in frequency of some regions in the Scargle (1982) periodogram.
To understand this concern, we recall the Loumos & Deeming (1978) criterion, which states that the minimal frequency separation that two close peaks must have to avoid influence on their apparent frequencies in the periodogram is ∼ 2.5/T = 0.00171 d −1 (where T is the total timespan of the observations). This means that arising from the combination of the outstanding photometric precision of the Kepler light curves and the finite frequency resolution -also known as the Rayleigh limitof the periodogram (1/T = 0.000685 d −1 ), there might be more peaks appearing within given frequency intervals than what is possible without these peaks influencing each other during their prewhitening (for an illustrative example, see Degroote 2010) . To illustrate this for our case, looking at the region between 0.25 d −1 and 2.5 d −1 , the number of significant frequencies is 295 using our criterion, but simply using a larger window of 3 d By opting for a more conservative approach, we can avoid listing countless frequencies which are influenced by the crowding illustrated above. This means that while the prewhitening process returned 2553 model frequencies, the number of peaks that met our significance criterion is only 346. This set of significant frequencies upon which the rest of the analysis is built upon is listed in Table B .1. The variance reduction of the model constructed using this set is 99.68%, while it brings down the average signal levels from 500. 3-53.1-9.1-8.1-7.4 ppm to 19.6-10.7-0.8-0.7-0.6 
The pulsation spectrum
The pulsation spectrum (see Fig. 4 ) of KIC 10526294 is a typical, pure g mode spectrum as expected for SPB stars. The strongest peaks are found between 0.4 d −1 and 0.9 d −1 , while there is basically no significant power below ∼ 0.15 d −1 and above ∼ 2.5 d −1 , although the transition from high to low power density is much less pronounced around the high frequency end of the described interval.
There are three dominant features in the Scargle periodogram. First of all, combination frequencies can be seen above ∼ 1.1 d −1 (see Sect. 3.3.1), which are responsible for the aforementioned smooth transition between high and low power density regions. More importantly, there is a clear series of peaks showing a nearly equidistant spacing in period (see Sect. 3.3.2) , and there is also a systematic crowding of pulsation modes around these frequencies, which we interpret as a sign of rotational splitting (see Sect. 3.3.3) .
Combination frequencies and pressure modes
An automated search for linear combinations among the most significant (S/N > 8) subset of frequencies following the approach described by Pápics (2012) revealed that most of the frequencies situated above 1.1 d −1 can be reproduced as low-order combinations. Out of the 59 frequencies in the subset, all 40 peaks below 1.1 d −1 were found to be independent, while above this limit, 13 peaks were identified as second-order combinations (where f i = f j + f k ), and two as third-order combinations (where
Only the four remaining peaks were not found to be low (second or third) order combinations. Since the ratio of true low-order combination frequencies beyond 1.1 d
is very high compared to what is expected from a random set of frequencies, it is more likely that these remaining modes are also actual (higher order) combination frequencies connected to the high amplitude g modes. Lowering the significance threshold to include all significant frequencies and allowing higher order combinations to be found by our automated search, we can indeed match all modes towards higher frequencies as simple combinations, except for the three peaks above 15 d −1 . These three modes could be low amplitude p modes, which would be a significant aid in our seismic modelling (see Sect. 4), but except for their observed frequencies, we can only argue against this possibility. First of all, although these peaks meet our significance criterion for the full data set, when an identical frequency analysis is performed for two halves of the full light curve separately, they can only be found in the list of model frequencies of one half, not both, even without applying any significance criteria. Furthermore, none of these frequencies show rotationally split structures, which would resemble the behaviour we discuss for the g modes in Sect. 3.3.3, although this would be expected for the 0 p modes, too. Finally, at the cool edge of the SPB instability strip, p modes are not expected to be excited by current excitation calculations. These results imply that only the g modes below 1.1 d −1 need further detailed investigation.
Period spacing of gravity modes
The autocorrelation function of the Scargle periodogram in period space shows a clear structure. We calculated the autocorrelations displayed on peaks were given the same artificial power, and all period values that are more than half the Loumos & Deeming (1978) criterion away from the 346 peaks under consideration were placed at value zero. This way we can avoid an autocorrelation function that is dominated by only a few high amplitude peaks, and we can reveal the real structure in the spacing of the significant peaks.
The autocorrelation of the original periodogram peaks at δ 0 p = 0.0521 d, but as suggested before, this value is strongly influenced by the two strong peaks at 0.552608 d Supposing that these are the spacings between consecutive peaks, between every second and every third peak, respectively, in a series of more-or-less equally spaced peaks, then our estimate of the average spacing can be made as ∆p
Since not only the average period spacing, but also the deviations from this average carry information about the physical conditions inside the star (see, e.g., Miglio et al. 2008) , we performed a manual peak selection to reconstruct the full series of nearly equally spaced frequencies. With this method, we found a series of nineteen peaks (which are listed in Table 3 and marked in Fig. 6 ) having an average period spacing of ∆p = 0.06283 d (5428 s). We found small deviations from the exact spacing value (see Fig. 6 ), with a standard deviation of std(∆p) = 0.00267 d (231 s). We note that although f 10 , f 12 , and f 17 fail to meet our strict significance criterion by having an S/N of only 3.6, 3.2, and 3.8, respectively, we have included them in our series because they are not only a perfect fit, but are also clearly central peaks of rotationally split triplets where all other components (except for f 10+ with a S/N of 3.4) meet the significance criterion (see Sect. 3.3.3 and Fig. 9 ). Furthermore, thanks to the exceptionally high number of consecutive peaks in the series, the uncertainty of the average period spacing is very low. We estimated this value from a Monte Carlo simulation (taking the frequency resolution of the periodogram into account) to be ∆p = 0.00017 d (15 s). 
Rotational splitting of gravity modes
The autocorrelation function of the peridogram in frequency space in Fig. 7 shows two clear peaks at low frequencies: δ 1 f = 0.0027 d −1 and δ 2 f = 0.0049 d −1 . Supposing that these are the spacings between a central (m = 0) peak and a rotationally split side peak (0 < |m| ≤ ) and between two side peaks (of +m and −m), respectively, we can estimate the average rotational splitting as ∆ f ≈ [δ 1 f + (δ 2 f )/2]/2 = 0.00259 d −1 . Because different modes penetrate different depths in the star, it is worth looking at not only the average splitting, but also at individual splitting values, in the hope of unraveling changes in the rotation rate in function of the depth. We found that all nineteen peaks in Table 3 show signatures that can be interpreted Table 3 . Parameters, such as frequencies ( f j ), periods (p j ), and the period spacing (of peaks f j − f j−1 ) values (with their conservative estimated errors based on the Rayleigh limit of 0.000685 d −1 ) of peaks having a nearly equal spacing in period space in the periodogram of KIC 10526294. as rotational splitting. The average splitting is ∆ f = 0.00266 d −1 , and the individual splittings (see Table 4 and Fig. 8) show a small but clearly increasing trend towards higher period values. This implies a non-rigid internal rotation profile for the star. Nevertheless, we estimated the rotation period of the star averaged throughout its interior from the average of the frequency splitting by substituting = 1, m = 1 into
which gives P = 1/Ω ≈ 188 d. For solid body rotation, this would correspond to the rotation period of the stellar surface, but for non-rigid rotation, this is an average value dominated by the internal layers because that is where the observed g modes have their largest contribution to the splitting. Another noteworthy trend is the observed asymmetry of the rotational splittings of the f j+ and f j− modes. This detection must be taken with caution, since most asymmetries (the difference between the splitting observed for the f j+ and f j− modes) are close to the Rayleigh limit, while even the average splitting is only ∼ 1.5 times greater than the Loumos & Deeming (1978) criterion. To give a more robust error estimate for the frequencies of the individual components of our triplets, and thus the individual rotational splittings, we did the following. We first calculated the full width at half maximum (FWHM) of the central peak of the window function (0.000832 d −1 -slightly above the Rayleigh limit), then calculated the ratio of the area of a box having the height of the central peak and the width of 3 × FWHM and the integral of the window function within the limits of this box to be r 0 ≈ 2.518. For a real peak in the observed periodogram, which is situated far enough from other peaks to be unaffected by them, one would expect the same ratio as the result of a similar procedure (r i ≈ r 0 ). For a peak that is surrounded by other very closely Article number, page 7 of 22 A&A proofs: manuscript no. KeplerBstars_II Fig. 9 . All rotationally split modes in the Scargle periodogram (blue solid line) of KIC 10526294, ranging from barely detectable and strongly asymmetric to strong and very clear cases, covering a broad frequency range. Each subplot is centred on the central (m = 0, f j ) peak, has the same horizontal scale, and all signal from outside the plotted intervals is prewhitened. Frequencies identified as members of rotationally split triplets (from Table 4 ) are marked with red markers on the top of each subplot. The window function of the data is plotted in the lower right panel for comparison (using a red solid line), scaled to have a maximum amplitude of unity. spaced peaks, one would expect a lower ratio (r i < r 0 ), since the box around the peak in question will be filled with signal coming from other peaks, too. We used (r 0 /r i ) 2 as a multiplier factor to the original FWHM to estimate the uncertainty in the frequencies originating from the crowding around certain peaks. The error bars shown in Fig. 8 come from these individual error estimates.
To see if the order of prewhitening had any significant influence on the closely spaced frequencies, we carried out the following check. We prewhitened the signal (using all model frequencies from the original prewhitening) from outside a narrow range around a selected triplet, then did a new iterative prewhitening to find the frequencies within this narrow range. We did this for four selected cases (ranging from the best to the worst case scenarios -see Fig. 9 ), then compared the frequencies from the original prewhitening and the new narrow prewhitening procedures. We found that even in the worst case, the original and new frequency values were matching each other with Table 4 . Parameters, such as frequencies ( f j ), periods (p j ), the splitting value (of side peaks f j+ and f j− measured from the central m = 0 peak f j ), and the average splitting of the rotationally split triplets in the periodogram of KIC 10526294. an order-of-magnitude better precision than the Rayleigh frequency, and for the stronger triplets, the match was even another order of magnitude better.
We also performed a nonlinear least square fit using the 56 modes (from Table 4 ), which were identified as members of rotationally split triplets, to see if the refined values deviate significantly from the original parameters provided by the automated iterative prewhitening procedure (as discussed in Sect. 3.2). We found that the average difference between the original and fitted frequencies was 4.8% of the Rayleigh limit (with a median of 2.6%, and a maximum of 17%). This means that all tested methods deliver results that are identical to each other within ∼ 10% of the Rayleigh limit (thus resulting in an actual frequency precision of at least, but in most cases even better than ∼ 0.00007 d −1 ), and makes us conclude that the measured splitting values and asymmetries are independent of the frequency analysis method.
We would like to point out that, even after four years of data gathering, the periodograms are influenced by the window function in the sense that the frequency peaks are not delta functions. The observed power spectrum is rather dense, especially near the rotationally split dipole modes owing to the slow rotation of the star. In these regions it is possible that peaks of > 1 pulsation modes with amplitudes comparable to the underlying complicated noise spectrum superimposed on the noise itself are also observed. Since > 1 g-modes have period spacings smaller than the = 1 modes, this is not expected to happen in all the regions, but it can occur in those where the two series overlap closely enough. This can explain why we detect additional frequencies around or between the three rotationally split components of the dipole modes in some of the frequency regions but not in others (see Fig. 6 ).
Another remark on the frequency spectrum is also appropriate. The orbital period of the Kepler satellite is 372. . Given that we worked in the barycentric time frame and that we see no orbital frequency effects in the previously analysed B-type stars that we processed in the same way with the same frequency analysis methods (see, e.g., , we are confident that the correspondence between the average splitting and the inverse of the Kepler orbital period within the frequency uncertainty is just a coincidence, and we excluded any effect of the satellite orbit on the detected triplets.
Finally, we note that we cannot put constraints on the inclination angle of the star because we are dealing with heat-driven modes whose triplet components are not excited to the same amplitude as is the case for solar-like pulsators (e.g., Chaplin et al. 2013) . This is clearly illustrated by the irregular amplitude structure of the rotationally split components in Fig. 9 , where some of the very clean triplets have a dominant central component, while others have a weaker central than wings component. The measured overall isotropic Gaussian spectral line profile broadening of 18 ± 4 km s −1 (Table 2) is the combined effect of the rotational, turbulent, and pulsational broadening, the last being the collective effect from all the triplet components. For the modes we are dealing with here, it concerns dominantly tangential velocities, while the radial velocity components are typically only 1/70 of the tangential components for the measured frequencies and mass and radius we deduce in the following section. The rotational line broadening stems from the equatorial surface velocity, which may be quite different from the average rotational velocity deduced from the triplets because they probe the internal rotation of the star. (If the star were a rigid rotator, then the rotation velocity at the equator of the best models to be derived in the following section would be 1 km s −1 such that the dominant line broadening likely originates in the pulsations (cf. the case of the SPB star HD 181558; De Cat et al. 2005).) We do not have any means of disentangling the individual surface velocity broadening contributions. On the other hand, the linear response of the pulsation frequencies in the light curve leads us to deduce that the majority of the individual surface velocity components do not exceed the local sound speed in the stellar atmosphere.
Seismic modelling
We performed forward modelling (see, e.g., Aerts et al. 2010 ) and compared the set of observed g modes to theoretical pulsation modes calculated using the adiabatic frame of the GYRE stellar oscillation code (Townsend & Teitler 2013) for a large number of non-rotating stellar equilibrium models along evolutionary tracks passing through the spectroscopic error box (T eff , log g). The models were calculated with the MESA stellar structure and evolution code (Paxton et al. 2011 (Paxton et al. , 2013 . A first set of models is based on the initial chemical composition of (X, Y, Z) = (0.710, 0.276, 0.014) as derived by Nieva & Przybilla (2012) ; Przybilla et al. (2013) . The OPAL Types 1 and 2 tables (Iglesias & Rogers 1996) are calculated with the elemental abundance mixture given by Nieva & Przybilla (2012) and Przybilla et al. (2013) . Additional sets of models for various initial metal abundances Z other than 0.014 were also computed, keeping the same metal mixture. The convective core overshooting is described using the exponentially decaying prescription of Herwig (2000) , and the Ledoux criterion is used to distinguish between convective and radiative regions. We used the semi-convective prescription of Langer et al. (1983) with α sc = 10 −2 , which mimics instantaneous mixing. We also explicitly checked and ensured that the location of the convective core boundary is appropriately calculated, cf. Gabriel et al. (2014) for a recent discussion on this matter.
The grid
We calculated a set of evolutionary tracks and the oscillation properties of the models along these tracks with a high temporal and spatial (i.e., along the radial direction inside the star) resolution. The four free parameters of the models are the mass, the initial metallicity, the central hydrogen fraction, and the core overshoot value. We experimented extensively on the needed resolution within this four-dimensional grid in order to obtain sufficiently stringent constraints compared to the measured seismic properties of KIC 10526294. In this way, we ended up with a high-resolution grid containing approximately 330 000 models -see Table 5 for further details. We set the range for initial metallicity keeping the cosmic abundance standard for B stars in mind (Nieva & Przybilla 2012) , rather than the poorly constrained Z of the target. We computed the eigenfrequencies of the = 1 modes, since the observed triplet structures imply that we are dealing with dipole modes. We calculated two different reduced χ 2 values for each model and considered their average as a goodness-of-fit function. The first χ In the ideal case of a grid with infinite resolution, and given the assumption that a perfect fit exists somewhere in the N = 4 dimensional parameter space, these two χ 2 tests result in the very same minimum, thereby selecting this best fit model point. As the resolution of the grid degrades, one quickly loses the ability to fit the individual frequencies perfectly, but the fit to the δp(p) function -or the fit of the average period spacing -will stay quite good for a somewhat coarser grid (depending mostly on the age of the actual best fit model) as we move farther away from the location of the best parameter combination in the N = 4 dimensional parameter space.
Results and discussion
The χ 2 -distributions of stellar parameters from the grid are shown in Fig. 10 . A first conclusion is that the theoretical frequencies are an adequate representation of the measured ones. It can be noticed that the measured period spacing puts tight constraints on the acceptable models in terms of the radius and Article number, page 10 of 22 P. I. Pápics et al.: KIC 10526294 : rotational splitting of gravity modes in a slowly rotating B star age. The effective temperature, mass, overshooting parameter, and metallicity are only moderately constrained, which comes mainly from strong correlations within the model parameters (which is clearly visible on Fig. 11 ) and also from the fact that we cannot constrain metallicity from spectroscopy. The best models are listed in Table 6 , while the quality of the best fits to the observed modes and δp(p) function is shown in Fig. 12 . We show the evolution of the detected = 1 modes along the evolutionary track, which contains one of the best fit models on Fig. 13 for illustrating the high temporal resolution of the grid.
The correspondence between the observed dipole pulsation frequencies and those predicted by the models is good, if one keeps in mind that we considered a particular choice of input physics for the MESA model computations. Nevertheless, we face limitations in the fine-tuning of the input physics of the models seismically, because the metallicity is too poorly constrained. Indeed, if we were able to fix the metallicity from spectroscopy (take, e.g., Z = 0.016 without the error bars from Table 2), that would immediately transform into a factor two improvement for all parameters, except core overshooting and X c . This would result in small asteroseismic uncertainties for the parameters other than the core overshooting, for which we can only give an upper limit of f ov ≤ 0.015. We note in passing that this corresponds to a step-wise overshoot parameter of α ov ≤ 0.15, as hitherto used mostly in seismic modelling (Aerts 2013) . The uncertainty comes from the fact that, in the early stellar evolution, overshooting has little impact on the period spacing. The reason is, that the µ-gradient zones are not developed for such a young star, and the δp(p) function exhibits no significant deviation from asymptotic period spacing. From Fig. 11 it is also clear that we cannot capture all changes smoothly with the current resolution of the grid in mass, since fixing all parameters except mass and moving one step along the mass axis results in quite a large χ 2 change, such that the values in between cannot be interpolated within existing neighbouring model points. Even so, in this specific case of a fairly young star, it is not worth the effort to raise the resolution in mass further, since an enhanced resolution will not provide smaller uncertainties, because overshooting cannot be well constrained (irrespective of the resolution in mass), and the overshooting and mass parameters near the best fit model are strongly correlated. This means that the internal structure in the region where the observed g modes have probing power differ insufficiently in the region where our models provide a good fit, even if this region is quite broad for some of the parameters.
Following the modelling discussed above, we subsequently carried out a non-adiabatic analysis to check the dipole mode excitation of the five best models. We explicitly chose not to rely on excitation results prior to the start of the seismic modelling, because it is well known that non-adiabatic excitation computations are not sufficiently reliable to do so, in the sense that some of the detected and identified modes in massive stars are predicted to be stable (e.g., Briquet et al. 2011; Pápics et al. 2011) . Moreover, in contrast to the modelling results, the excitation computations are very dependent on the choice of the opacities (Miglio et al. 2007 ). As shown in Fig. 14 for the best model as an example, more than half of the detected modes are predicted to be excited in the best models. Keeping in mind that we used OPAL opacities for our model grid, which lead to less excited modes than, say, OP opacities, it is reassuring that the selected models have excited modes in the appropriate frequency range.
As far as we are aware, this is the first seismic modelling of a massive star done with MESA/GYRE. The results are excellent, Fig. 11 . Visualisation of the correlations between all possible pairs of the four free model parameters within the highly structured χ 2 space. For each subplot, two of the four parameters were fixed to the value corresponding to the best fit model (number 1 in Table 6 ), and the χ 2 values are plotted in the remaining two-dimensional parameter space using the same colour coding as Fig. 10 . For further details, see explanation in the text.
given that we could rely only on a series of high-order g modes in a very young star, restricted to dipole modes.
Conclusions
We have presented the first detailed asteroseismic analysis of a single, main sequence B-type star based on four years of Kepler photometry. It led to the classification of KIC 10526294 as a very slowly rotating SPB star, and -most importantly -the discovery of a series of nineteen quasi-equally spaced dipole modes, each showing a very narrow rotationally split triplet structure. The observed splittings are systematically higher towards longer periods at a level that points towards a non-rigid internal rotation profile. The rotational splitting for the retrograde and prograde modes is slightly asymmetric.
The result of the seismic modelling of the ( = 1, m = 0) dipole series for a dense model grid with evolutionary tracks covering the spectroscopic error box indicates that the star is young (X c > 0.64). Owing to the numerous correlations between various stellar parameters at such early evolutionary stage and to A&A proofs: manuscript no. KeplerBstars_II Fig. 10 . Visualisation of the resulting χ 2 space from the multi-dimensional grid search using the high-resolution MESA/GYRE grid. The first seven panels (from left to right and top to bottom) show the dependence of the χ 2 value on effective temperature, surface gravity, mass, radius, overshooting, metallicity, and central hydrogen content of the corresponding model. The last two panels show the χ 2 distribution of the model points over the Kiel diagram, and over a log T eff versus measured average period spacing diagram. The colour of each symbol represents the logarithm of the corresponding χ 2 value. The 1-σ and 3-σ error boxes of KIC 10526294 in log T eff , log g, and mean period spacing are plotted using solid and dashed lines, respectively. The position of the best model is marked with a white asterisk. For further details, see explanation in the text. the high uncertainty on the observed metallicity, we can only place an upper limit for the extent of the core overshooting region (α ov ≤ 0.15), yet this is a stringent seismic constraint.
Our work represents the third detection of a series of quasiequally spaced gravity modes in a main sequence B type star (after Degroote et al. 2010; Pápics et al. 2012) , but this is the first time that such a long series has been detected. Moreover, all the rotationally split components were observed and leave no doubt that we are dealing with dipole modes. This mode identification, which was an assumption in the model comparison done for HD 50230 by Degroote et al. (2010) , implies that we could achieve the first actual seismic modelling of an SPB star.
In a similar type of analysis, Kurtz et al. (2014) found a series of equally spaced and rotationally split gravity-mode triplets in the slowly rotating A-type pulsator KIC 11145123, also from four years of Kepler photometry. In addition, this star exhibits Five best fit models (from top to bottom, following the order in Table 6 ) using frequencies from MESA/GYRE. (Upper panels) Observed peaks (red circles, the error bars are smaller than the symbol size) versus the theoretical frequencies of the = 1 gravity modes (blue crosses, with the corresponding n value printed above). (Lower panels) Individual spacing values between the members of the observed period series (red filled circles) and the δp(p) function from the model (blue solid line). Fig. 13 . Evolution of the period of the = 1 gravity modes with decreasing central hydrogen content. The theoretical frequencies were calculated with GYRE in our region of interest along the MESA evolutionary track which holds the best fitting model (M = 3.20M , Z = 0.020, f ov = 0.000). The colour of each model (a set of GYRE frequencies along a vertical line) represents the logarithm of the corresponding χ 2 value at the given X c (using the same colours as Fig. 10 ). For better visibility, this colour sequence is repeated on the top of the figure. The observed modes are plotted using larger red circles at the position of the best fitting model at X c = 0.6932 (the error bars on the observed values are smaller than the size of the symbols).
Fig. 14. Non-adiabatic stability analysis for the best fitting model. The growth rate of the zonal dipole modes, as defined in Aerts et al. (2010) , is plotted as a function of the mode period. Excited modes have positive growth rate and are plotted using blue circles, while stable modes are marked with grey triangles. The position of the observed modes are plotted using grey dashed lines.
rotationally split p modes. While the authors did not perform spectroscopic observations or seismic modelling from the zonal modes detected in this star, the Kepler data itself was rich enough in terms of frequency content to conclude that this star has a ro-tation period of some 100 d and a faster envelope than core rotation.
In the next step, we plan to investigate if additional acceptable models occur in a much more extended model grid that does not start from the observed spectroscopic T eff and log g. Moreover, we shall add one dimension into the grid by exploring whether the measured oscillatory properties allow the distinction between core overshooting as we treated it here and the effect of semi-convective mixing. Finally, we plan to use the kernels for the dipole modes of the best models to perform a frequency inversion of the rotationally split frequencies with the aim of deriving the internal rotation profile of the star. Our first attempts already allow the conclusion that the rotation profile cannot be constant throughout the star. 
